Background--Prior studies have shown that survivors of acute myocardial infarction (AMI) complicated by cardiogenic shock are likely to have increased risk of readmissions in the early post-discharge period. However, the contemporary prevalence, reasons, and predictors of 30-day readmissions are not well known.
C ardiogenic shock complicating acute myocardial infarction (AMI) portends a poor prognosis. In the era before coronary revascularization, this setting was often considered fatal. For example, in the GUSTO-I (Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries) study 1 
and the SHOCK (Should We
Emergently Revascularize Occluded Coronaries for Cardiogenic Shock) registry, 2 only 40% of patients survived the hospitalization. With increased prevention measures and adoption of revascularization, in-hospital survival rates improved. In an analysis from the National Registry of Myocardial Infarction, in-hospital survival was %59% in 2004. 3 A more recent analysis of the NCDR-ACTION registry for 2007-2011 suggested that 2 of 3 such patients survived the index hospitalization. 4 Despite advances in anticoagulation and mechanical support devices over the past few years, the in-hospital mortality rate has been %30% in recent years. 5, 6 With more patients surviving their index hospitalization, data regarding short-and longer-term prognosis of this high-risk population have been limited. An analysis from the NCDR-ACTION registry suggested that these patients have a higher adjusted risk of mortality and/or hospitalization at 60 days but not at 1 year. 7 However, the information in this area is limited and the underlying reasons for readmissions are unclear. To better address this knowledge gap, we aimed to determine the prevalence, predictors, and reasons for readmission among AMI hospitalizations complicated by cardiogenic shock using "real-world" contemporary data from the Nationwide Readmissions Databases (NRD).
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request. Institutional review board approval was not required given the public nature of the NRD database, with the absence of any personal identifying information.
Data Source
Data were obtained from the 2013 to 2014 NRD. The NRD is part of the all-payer databases developed by the Agency for Healthcare Research and Quality for the Healthcare Cost and Utilization Project (HCUP). The NRD is created from the State Inpatient Databases and represents %50% of all US hospitalizations. Unweighted, the NRD contains data from %17 million discharges per year and weighted it estimates roughly 36 million discharges, excluding rehabilitation and long-term acute care facilities. Discharge weights are provided to estimate national estimates. The NRD contains verified patient linkage numbers that can be used to track a patient across hospitals within a state. However, the patient linkage numbers do not track the same person from 1 year into another.
Study Population
The NRD was used to identify patients hospitalized with a primary diagnosis of ST-segment elevation myocardial infarction (STEMI) ( Cardiogenic shock was identified using the ICD-CM-9 code 785.51. Hospitalization records were excluded if: (1) patients were younger than 18 years; (2) the patient died during the index hospitalization; or (3) the discharge month was December since 30-day readmission data would be lacking ( Figure 1 ).
Patient and Hospital Characteristics
Baseline patient characteristics included demographics (age, sex, median household income by ZIP code, and primary expected payer), weekend versus weekday admission, and other relevant comorbidities (eg, smoking, dyslipidemia, atrial fibrillation, known coronary artery disease, family history of coronary artery disease, prior myocardial infarction, prior percutaneous coronary intervention, and prior coronary artery bypass grafting) were identified using the corresponding ICD-CM-9 codes (Table 1) . Hospital-related characteristics such as bed size (small, medium, and large), location (urban versus rural), and teaching status were also identified.
Outcome Measure
The primary outcome of interest for this study was 30-day allcause unplanned hospital readmission. Readmissions were captured according to methodology recommended by the HCUP. 10 If a record had >1 readmission within 30 days of discharge, only the first readmission was included. Transfer to another hospital was not considered as a readmission. Time to readmission was calculated as the number of days
Clinical Perspective
What Is New?
• Rates of early readmission after acute myocardial infarction complicated by cardiogenic shock remains high, with %1 of 5 patients readmitted within 30 days of discharge.
• Common causes of 30-day readmission are cardiovascular, with the majority of readmissions related to heart failure exacerbation and new myocardial infarction.
• Certain baseline patient characteristics, in-hospital complications, and hospital characteristics independently predicted 30-day hospital readmissions rates.
What Are the Clinical Implications?
• Future studies are required to evaluate the effect of targeting various predictors of 30-day readmissions in patients with acute myocardial infarction complicated by cardiogenic shock on readmission rates.
• Assessment of the impact of a multidisciplinary team approach for patients with acute myocardial infarction complicated by cardiogenic shock is warranted given the evidence of a strong correlation between noncardiac comorbidities, such as diabetes mellitus and chronic kidney disease, and 30-day readmissions rates.
between hospital discharge after index hospitalization and the initial day of hospital readmission. The primary diagnosis for each readmission record was reviewed individually (independently by 2 authors masked to each other's findings, and reconciliation of the differences between both authors was done by a third author) and were further categorized into cardiac and noncardiac related. Cardiac causes included heart failure, reinfarction (ie, STEMI or NSTEMI), arrhythmias, conduction disorders, chest pain, hypertension, hypotension, syncope, pericarditis, coronary artery disease, and others. Noncardiac causes included respiratory, infectious, bleeding, renal, gastrointestinal, trauma, hematological, neoplasms, endocrine/metabolic, neurological (including transient ischemic attack/stroke), psychiatric, and others. The median length of stay and median hospital costs were also calculated.
Statistical Analysis
Categorical variables are expressed using frequencies and compared using Pearson chi-square test. Nonskewed continuous variables are expressed using meanAESD and compared using Student t test. Skewed continuous variables are expressed using median with 25th to 75th percentile range and compared using the Wilcoxon rank-sum test. Weighted estimates were calculated by survey analysis methods (svy command in Stata) using the variable "DISCWT" provided by NRD as a weight variable and "HOSP_NRD" as the clustering variable as recommended by the AHRQ. This was performed to ensure accurate national representative estimates of the US population of hospitalized patients. The HOSP_NRD variable is a HCUP hospital identifier specifically created for the NRD. The purpose of this variable is to accurately identify inpatient records that are associated with the same hospital. HOSP_NRD does not link to other HCUP databases or to external databases. 10 Independent predictors of 30-day readmission were identified with a 2-level hierarchical multivariable logistic regression model (multilevel mixedeffects logistic regression model "melogit" in Stata) to account for in-between hospital variations and hospital clustering effect using the hospital cluster variable "HOSP_NRD" as a second-level variable. A total of 63 covariates were included in the first-level model: they included baseline demographics, chronic comorbidities, hospital characteristics, in-hospital procedures (eg, percutaneous coronary intervention), and in-hospital complications. Statistical analyses were conducted using Stata software version 14 (StataCorp). A 2-sided value of P<0.05 was set for statistical significance. Categorical variables are presented as frequencies and percentages and continuous variables as meanAESD or median and 25th to 75th percentile range.
Results
Among 1 116 933 hospitalizations with a primary diagnosis of AMI in the NRD database years 2013 and 2014 (335 548 with STEMI, and 781 385 with NSTEMI), 66 749 (6.0%) developed cardiogenic shock. Of those, 39 807 (59.6%) were discharged alive from January until November, representing the final cohort included in our analysis ( Figure 1 ).
Prevalence and Predictors of Readmission
Of 39 807 hospitalizations with AMI and cardiogenic shock, a total of 7407 (18.6%) were readmitted after 30 days, with a median time for readmission of 10 days (4-18 days) after discharge ( Figure 2 ). Meanwhile, 131 043 AMI hospitalizations without cardiogenic shock were readmitted of 921 004 index hospitalizations discharged alive at the same period (14.2% versus 18.6%, P<0.0001). Table 2 summarizes the baseline characteristics for the cohort. Table 3 summarizes the hospital characteristics and . Placement of a long-term ventricular assist device or intra-aortic balloon pump was associated with higher 30-day readmission rates (Table 4) . Among the in-hospital complications evaluated, ventricular tachycardia and atrial fibrillation were associated with higher readmission rates (Table 4) . Meanwhile, high median home income (OR, 0.84; 95% CI, 0.73-0.96 [P=0.010]) and non-Medicare/Medicaid payers and hospitals located in low-population areas were all associated with lower 30-day readmissions (Table 5) .
Reasons for 30-Day Readmissions
The most frequent reasons for readmission were cardiac (51.5%), infectious (14.8%), and bleeding (5.3%) (Figure 3) . The most frequent cardiac reason for readmission was heart failure (39%) followed by reinfarction (14.4%) and coronary artery disease (13.3%) (Figure 4 ). The noncardiac-related causes (48.5%) included infections (14.8%) ( Figure 5 ), bleeding (5.3%) (gastrointestinal bleeding contributed to 58% of all bleeding causes) ( Figure 6 ), respiratory (4.9%), iatrogenic (3.7%) (device-related complications contributed to 60.3% of all iatrogenic causes), renal (2.8%), gastrointestinal (2.7%), metabolic/endocrine (2.5%), neurological (2.4%), vascular 
Median Length of Stay and Hospital Costs of 30-Day Readmissions
The median length of stay in the readmitted cohort was 4 days (2-8 days) with total hospital costs of $129 000 000 US dollars (95% CI, $117 000 000-$141 000 000). The median hospital cost per one 30-day readmission was $9473 US dollars ($5037-20 199).
Discussion
In this observational analysis of a large, real-world cohort of hospitalizations with AMI complicated by cardiogenic shock, we identified 30-day readmission in almost 1 of 5 hospitalizations. The median time to readmission was 10 days. The risk of readmission at 30 days was marginally lower among patients with STEMI compared with NSTEMI. Female sex, low socioeconomic status, Medicaid insurance, mechanical support device placement (ie, intra-aortic balloon pump and longterm ventricular support devices), and atrial fibrillation, as well as ventricular tachycardia were all predictors of readmission at 30 days. To the best of our knowledge, this is the first study to evaluate the causes of readmission in patients hospitalized with AMI complicated by cardiogenic shock. In this cohort, cardiac-related causes accounted for a majority of the readmissions, with heart failure and reinfarction being the most frequent reasons. The most frequent causes for noncardiac-related admissions included infections, bleeding, and respiratory causes. In recent years, the number of patients with AMI surviving cardiogenic shock to be discharged from the hospital has been increasing. However, this subset of patients represents a cohort that is more vulnerable for early readmissions. This is important for patients, payers, healthcare delivery systems, and advocacy groups to increase support for research in this area. Thirty-day readmission has been used as a performance metric by the Centers for Medicare & Medicaid Services to assess the quality of hospital care and to penalize hospitals with higher-than-expected readmission rates for certain conditions such as AMI, heart failure, and pneumonia. In our study, the 30-day readmission rate for AMI complicated with cardiogenic shock was 18.6%, which is slightly lower than hospitalizations with a principal diagnosis of congestive heart failure (23.5%) or chronic obstructive pulmonary disease (20.0%); however, it is considerably higher than those with a principal diagnosis of AMI (without cardiogenic shock) (14.2%), pneumonia (15.5%) or any other cause combined (12.2%). 11 Several studies in the revascularization era indicate that post-discharge AMI outcomes are worse in the setting of Continued prior cardiogenic shock. However, this effect appeared to be time-dependent and is clustered early on. 7, 12 In fact, the mortality rates of these patients are comparable to those with AMI without cardiogenic shock at 5 years. 13 In this study, the median time to readmission was 10 days (range 8-14 days), which is consistent with Medicare data that found the median time of readmission after AMI was 10 days. 14 Therefore, improved prevention and interventions early in the course of management are likely important to improve outcomes in the short-term period in these patients. Besides the morbidity and health resources consumption resulting from readmissions, our analysis suggests that readmissions after an AMI with cardiogenic shock are associated with a significant economic burden (ie, total cost %$65 million US dollars per year). We identified certain patient-related characteristics associated with higher risk of 30-day readmission such as female sex, diabetes mellitus, anemia peripheral vascular disease, and chronic renal failure, as well as presentation with NSTEMI. These characteristics are consistent with other studies that have evaluated 30-day readmission after AMI without cardiogenic shock. In a population-based analysis of 3010 patients with AMI, diabetes mellitus, chronic obstructive pulmonary disease, and anemia were predictors of 30-day readmissions, but the type of AMI was not. 15 Thus, a multidisciplinary team approach (including a cardiologist, general internist, endocrinologist, nephrologist, and hematologist) might be a valid option for managing patients with AMI and cardiogenic shock. This approach could ultimately help in preventing unplanned noncardiac readmissions at the early post-discharge period. A previous analysis of the NRD evaluated readmission rates after AMI complicated by cardiogenic shock, stratified by sex, suggested that women have a higher risk of 30-day readmission after AMI versus men. 16 Unfortunately, it was not possible to assess other factors suggested to correlate with 30-day readmission after AMI in general, such as complications of angiography/revascularization, 15 as well as medication adherence 17 and health literacy, 18 in our study since these variables are not available in the NRD. Potentially arranging for early post-discharge physician follow-up for those who are at increased risk of readmission could help mitigate this risk. Data from the Medicare population have suggested that earlier post-discharge follow-up after NSTEMI is linked with lower risk of 30-day readmissions. 19 We also identified that certain hospital-related characteristics, such as those seen in low-population areas, were linked to lower 30-day readmission after AMI and cardiogenic shock. An analysis of the Medicare data shows some regional variations across hospitals in 30-day readmission rates after AMI, 20 which suggests that further improvements are also needed at the hospital levels.
Study Strengths and Limitations
The strength of this study includes the large number of hospitalizations that are included from real-world data. By using multivariate hierarchal logistic regression, we attempted administrative database, thus it is subject to known limitations of such data sources (eg, coding errors and bias). Last, given the large sample size of the current study and the large number of variables included in the adjustment model, the statistical significance of some of the predictor variables with CIs approaching 1 could be caused by chance (ie, type I error). Thus, we strongly believe that the statistical significance of such predictors should be balanced with the magnitude of effect, the quality of the study, and findings shown in other studies. 
Conclusions
AMI complicated with cardiogenic shock is associated with high rates of readmissions at 30 days, mainly attributable to cardiac reasons such as heart failure and new AMI. The risk of readmission is associated with certain baseline patient/ hospital characteristics and in-hospital procedures/ complications. 
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